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SYSTEM AND METHOD FOR USING
SWAPPABLE STORAGE FOR STORING
PROGRAM DATA

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s related to concurrently filed and com-
monly assigned U.S. patent application Ser. No. 10/4535,651,
entitled “SYSTEM AND METHOD FOR USING SWAP-
PABLE STORAGE FOR HIGH DATA CONTENT MULTI-
SOURCE DATA STORAGE,” the disclosure of which 1s

hereby incorporated herein by reference.

FIELD OF THE INVENTION

This invention relates to data storage techniques and more
particularly to a system and method for using swappable
storage for storing program data.

DESCRIPTION OF RELATED ART

It 1s now possible to stream high data content files to and
from swappable storage devices, such as digital versatile
disks (DVDs), compact disks (CDs), memory cards, and the
like. Typically, this information 1s processed from the swap-
pable storage device 1into a computer hard drive and/or com-
puter based temporary memory and from the hard drive (or
other storage area) to a screen or screens, speakers, or to other
devices, such as external memory.

Users may desire to receive data from more than one such
swappable storage mput, sometimes simultaneously. Some-
times the data stored on such swappable devices are programs
which are desired to be used by a user having access to a
computer.

This presents a problem when the storage device being
used 1s not physically connected to the processor, or when the
processor can only send or receive data from one of these
devices at a time. This 1s unlike the situation where the data 1s
stored 1n a permanently accessible storage device, such as a
hard drive on a computer, where data can be stored at and
retrieved from any location in the hard drive in a random
access manner. However, 1n some situations, storage internal
to a system, such as, for example, a hard drive, may not be
available.

If data 1s stored on swappable devices, such as, for
example, CDs or DVDs, such data i1s not available until the
system locates the storage device, physically connects to it,
and then reads the desired mformation from the newly-con-
nected storage device. This operation typically takes a finite
amount of time. When the user desires to use an application
program, or other data, which 1s stored on a swappable device,
latency problems occur. Users who become accustomed to
perceived instantaneous responses could be dissatisfied 1
they experience delay times because of the seek-and-access
time required for swappable storage devices.

BRIEF SUMMARY OF THE INVENTION

One embodiment provides a method of providing a user
with information quicker than could be achieved by obtaiming,
the information from a storage source, the method comprising,
receiving a request from a user for stored data accessible by
the user, the stored data maintained on one or more disks
accessible one at a time and wherein the disks have a latency
between the time of the request and the time the information
1s actually available, and obtaining a first portion of the
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2

requested data from a source other than where the requested
data 1s stored, the amount of the first portion spanning the
latency period.

Other embodiments provide a system for retrieving data,
comprising a first storage source having a latency between a
time when a request for data on the first storage source 1s
received and a time when the first storage source 1s physically
avallable for the retrieval of data theretfore, and a second
storage source physically separate from the first storage
source for maintaining therein a first portion of data request-
able by the user. Still other embodiments provide a data
retrieval system, having a storage library capable of holding a
plurality of individually accessible storage media; a media
drive operable for reading data from a selected one of the
storage media contained in the lhibrary, the drive having a
latency between the 1dentity of required data and the time the
identified data 1s actually available, at least one buffer for
accepting data from a storage media positioned in the media
drive, the data accepted faster than 1t 1s utilized, thereby
creating media drive 1dle periods; wherein the media drive 1s
operable for delivering to a user at least one program during
the 1dle periods; and wherein a first portion of the delivered
portion comes from a storage media other than the storage
media on which said at least one program resides.

Still other embodiments provide a device for providing
program information for controlling a system, the device
comprising means for obtaining requests for a stored program
accessible to the system, the stored program maintained in a
location having a latency between the time of the request and
the time the program 1s actually available for use by the
system, and means for obtaining a first portion of the
requested program from a source location other than where
the requested program 1s stored, the amount of the first por-
tion spanning the latency period.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of one embodiment of the inven-
tion;

FIG. 2 shows how FIGS. 2A-2D are to be arranged;

FIGS. 2A-2D show a number of timelines illustrating the
timing for moving data to/from a storage media according to
an embodiment of the invention;

FIG. 3 shows a playback flow chart for one embodiment of
the invention;

FIG. 4 shows a record flow chart for one embodiment of the
imnvention;

FIG. 4A shows a playback tlow for one embodiment of the
invention;

FIG. 5 1s a butfer-tull flow chart for one embodiment of the
imnvention; and

FIG. 6 1s a fast-data access tlow chart for one embodiment
of the mnvention.

DETAILED DESCRIPTION

A user’s desire to concurrently process data to/from differ-
ent storage media, where the storage media are alternately
available to the user, 1s met by arranging a first butfer to accept
data from a selected first one of the storage media and arrang-
ing a second butler to accept data destined to be recorded on
a second one of the storage media. The first butifer 1s loaded
from the first media faster than the data 1s processed by the
user, hereby generating slack periods of time where data 1s not
being loaded into the first buifer. During the slack periods,
data from the second butler can be transterred to the second
media without perceptible delay.
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A user 1s provided with data quicker than could be achieved
by obtaining the data from the main storage source, where the
data 1s maintained. This result 1s achieved by obtaining a first
portion of the requested data from a source other than where
the requested data 1s stored, with the amount of the first
portion spanning the latency gap that would occur 11 the user
had to wait for retrieval from the main storage source.

FIG. 1 shows an overall view of system 10, according to an
embodiment of the present invention, which 1nc1udes butfers
107 for controlling information in and out of the various data
sources and destinations. High volume data, such as com-
pressed video data from data source A 108, can flow 1nto
system 10 as will be described. Such information can be
provided to, for example TV or monitor 110, via video drivers
109, and/or speakers 111. Alternatively, the data from source
A can be provided for recording on a CD, DVD, or other
media via drive 12 controlled by driver control and servo
system 103.

Drive 12 may contain, for example, CD/DVD mechamism
102 and drive bufler 101. System controller 106 preferably
controls the information 1n and out of the butiers and controls
driver control and servo 103. CD/DVD mechanism 102, in the
embodiment shown, i1s 1n physical communication with
multi-disk library changer 11 so that several DVDs and CDs
can be maintained and provided to/from the CD/DVD mecha-
nism on demand.

Typically drive 12 would have drive buifer 101 built into
the mechanism. However, drive buffer 101 could be located
external to drive 12 11 desired. Drive butier 101 may be fed for
recording by write channel 105 from buifers 107. Drive builer
101 may feed read channel 104 to butier 107.

Butfer 107 of the illustrated embodiment comprises source
buifer 120, record butier (R) 121, playback butier (P) 122,
tast forward buffer (FF) 123 and fast reverse buffer (FR) 124.
In one embodiment, source buifer 120 may comprise several
butlers, e.g., S1 through SN. Each such source butier, in the
illustrated embodiment, has a capacity of 2 megabytes
although other capacities are possible according to the
present invention. Although shown as single buttfers, 1t should
be appreciated that any or all of record butler 121, playback
buflter 122, fast forward buifer 123, and fast reverse bufler
124 may comprise a plurality of butfers, if desired, or they all
may be arranged as a single buifer with pointer for the various
sub-sections of the common butfer. In the illustrated embodi-
ment, record butler 121 and playback buffer 122 are each 48
megabytes, while fast forward and fast reverse butlers, 123,
124, respectively, are 8 megabytes each. These capacnﬂes can
be adjusted as desired. Such adjustment of buller size may
depend, for example, on cycle times for drive 12, and speed of
data transier, memory cost and memory size availability. In
one embodiment, fast forward buifer 123 and fast reverse
butiter 124 are part of playback bufier 122.

One typical operation for system 10 would be to receive
video data from source A 108 and then record that data on a
disk 1n drive 12. At the same time, 1t might be desired to play
a CD or DVD from mult1 disk changer library 11 to TV 110.
However, 1n the illustrated embodiment there i1s a single
CD/DVD drive 12, and this drive may, at some periods of
time, be called upon to record on one disk while at the same
apparent time (as perceived by a user) as being called upon to
play data from a different disk. To accomplish this scenario,
butilers 107 of the present invention are used to bulfer infor-
mation coming from and going to drive 12 so that the user
percerves the data to be a continuous tlow. In reality, the
physical situation is that drive 12 1s being timeshared between
two or more different CD/DVDs, or other media, to accom-
modate both read (playback) and/or write (record) situations
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4

on different disks. It being appreciated that embodiments of
the invention may provide for various combinations of simul-
taneous reading and writing to different media, including the
alorementioned read/write situations as well as read/read and
write/write situations. Of course, while different physical
recording media are contemplated (one for recording, one for
playback), a user may desire to use the same CD or DVD for
both functions.

A Tfurther problem exists when the user decides to fast
forward to view something ahead or fast reverses to view
something that the user has already seen. In one embodiment,
as will be discussed hereinatter, fast forward and fast reverse
1s accomplished at 8X, X being a data rate for streaming the
data in a manner such that i1 displayed on a monitor the
images are properly perceived by the viewer. In the 1llustrated
embodiment, video data streaming data rate 1s 2 megabits per
second. This 1s a rate at which a viewer 1s able to perceive the
data on a TV or monitor so that the data appears normal to the
user. The 8X rate allows the viewer to see the data eight times
faster on the monitor. This 1s accomplished, for example, by
displaying every 8” frame of data. The X data rate is for
discussion purposes herein and (as above-discussed) 1s 2
megabits per second. It will also be assumed that there are 8
bits to a byte. Of course, data rates other than 2 megabits per
second and fast forward and/or fast reverse rates other than
8X, as specifically mentioned herein, may be utilized accord-
ing to the present mnvention.

Turming now to FIGS. 2A-2D (arranged according to FIG.
2), there 1s shown timing chart 20 which contains thereon
several vertical lines 21-28, each broken into time segments.
For the purposes of illustration, the segments chosen are one
second intervals. These mtervals can be any desired number
depending upon data rates, and buffer sizes. The size of the
intervals 1s matched to a disk swap out time and the number of
permissible cycles for a particular changer so as not to over
utilize the changer mechanism.

Timeline 21 assumes that DVD A 1s in DVD mechanism
102 (FI1G. 1). Starting at time zero, according to the illustrated
embodiment information will transfer from DVD A to drive
bufter D 101 (FIG. 1) at a 16X (32 megabits/seconds) data
transfer rate. Thus, as shown 1n timeline 22, at the end of 1
second, buffer D will have 1n 1t 32 megabits or 4 megabytes

(MB) transferred, 2 MB at a time. In operation, data from
DVD A 1s streamed 1nto drive buifer D 101, 2 MB at a time,

and transferred, via read channel 104 (FIG 1), to 48 MB
play-back butler P 122 (FIG. 1).

There 1s a slight transfer time, roughly one per second 100
megabytes, between butfer D and butter P for each two mega-
bytes of transferred information. This transfer time has been
1gnored for simplicity of 1llustration. Thus, as shown on time-
line 23, starting at the one-half second point (arbitrarily
selected), the first two megabytes of information A from
butiler D 1s transferred to the P buffer. This transfer preferably
continues until buffer P 1s filled, e.g., 48 MB of data are
moved 1nto playback builer P. IT there are no interruptions,
this will continue until playback buffer P 1s full at the 12
second point, as shown on timeline 23.

Any time after the information begins to transfer into buifer
P, 1t can begin to be streamed out of butler P to the user at the
X rate, e.g. 2 megabits per second, as shown on timeline 24
starting at the %4s of a second mark (arbitrarily selected).
Because the information 1s streaming out of buifer P at the X
rate, 1t will take approximately 192 seconds to empty play-
back butler P. Thus, between the 12 second point and approxi-
mately the 190 second point, drive buifer D (as shown on
timeline 21) becomes available for other purposes.
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For example 1f the user, or another user, also now wanted to
record video from another source, such as source A 108 (FIG.
1) onto DVD B, the system could do so. Thus, as shown on
timeline 21, at the 12 second interval DVD A goes back into
library 11 (FIG. 1). At approximately the 16 second interval,
as shown on timeline 28 (F1G. 2D), DVD B goes into position
on drive 12.

As shown on timeline 27 (FIG. 2B), the user could have
started bringing in video data, for example from source A, at
any time.

In our example, such data 1s shown coming into record
buffer R 121 (FIG. 1) atthe 1 second interval. This data comes
in at the 1X rate. Thus, 1t would take nearly 192 seconds to
entirely fill the 48 MB R butler. At any time after second 1,
buifer R would be available to begin sending data to drive 12
for recording on DVD B at the 164 rate. 192 seconds would
pass before the record butter 1s completely filled. Since 1t wall
only require 12 seconds to deplete, data transfer can start at
any time within the 192 seconds, preferably when the buifer

1s nearly full, thus leaving large periods of slack time for other
data streams.

Note that while the transter from DVD A to DVD B
occurred 1n our example, at the 12 second interval, this could
occur at any time between 12 seconds and approximately 191
seconds. Also, while the example has focused on two DV Ds,
certainly the same principles can apply to several, DVDs,
CDs, or other storage devices and/or media. Also note, that
recording could be any type of data, such as video data, while
the playback could also be any type of data, such as audio
data.

Timeline 24 (FIG. 2A) shows pointer 2402 marking the
position along the timeline where data currently 1s being
removed. In our example, this pointer 1s at the five second
interval, meaning that the user has viewed or used five sec-
onds of data from the P butfer at the 1X streaming rate. The
system, 11 desired, has fast forward builer FF, shown on
timeline 25, which always has 1n 1t 8 MB of data ahead of
pointer 2402. This data 1s viewable at the 8X rate, such that
every 8” frame is shown to a viewer so that the viewer would
cifectively have a fast view of the information much the same
as would be seen 11 the view fast forwarded a video tape. The
8 MB fast forward (FF), butler of the 1llustrated embodiment,
allows four seconds of viewing before being updated.

Also, based upon the position of present pointer 2402,
there would be a fast reverse butler (FR) of the last 8 MB of
data (shown as timeline 26, F1G. 2B), again giving the viewer
four seconds of data backwards at the 8X rate. This informa-
tion 1s effectively transierred from the P butfer to the FF or FR
bulilers on a circulating basis. Note that if the user were to
desire to fast forward beyond the capability of the P butfer to
supply data, then 1t would be incumbent on the system to
obtain that data from the DVD, or other source, while still
allowing for the interchangeability between disks. This may
be addressed by maintaining the recirculation FF or FR bufl-
ers full with 8 MB of data.

As discussed, the size of the bufler allotted to fast forward
and fast reverse 1s a balance of performance and cost. The
content 1s preferably circularly builfered, meaning that the
oldest content would be continually discarded while the new-
est would be continually added. In one example, three
memory pointers (2401, 2402 and 2403) are employed, one
cach for the new content addition address (2401), one for the
current viewpoint address (2402), and for the old content
discard address (2403).

In the example being discussed, the system would try to
always maintain the new content address to point 8 MB ahead
of the current viewpoint address and the old content address
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would be kept 8 MB behind the current viewpoint address,
thus maintaiming the fast forward and fast reverse builers,
respectively. Depending on the overhead required, 1t may be
possible to use a single pointer for the new content addition
and the old content discard address. Assuming a 16X read
speed by the DVD drive, when play 1s first enabled butier D
would begin filling reverse butier FR at 16X, while buffer FR
1s playing back atthe X rate as discussed above. This would be
enough to accommodate the disk change access time should a
user decide to fast forward or fast reverse.

When the user pushes fast forward, data 1s read from FF

butiler at 8X. If the fast forward command comes just after the
system had switched out the record disk for the playback disk,
the fast forward butier would be fed mainly from the DVD
drive itself at 16X, while the builfer was being emptied to the
user at 8X. Fast forward could continue for the 2 minutes that
the record disk 1s being serviced, since the drive continues to
feed the butler and the playback at a suflicient rate to avoid
butiler depletion.
I1 the fast forward command came right after the playback
disk had been swapped out and the recording disk swapped 1n,
the record buffer would be nearly full so the buifer would
need to write to the drive at 16X to deplete the record butier
as quickly as possible. At this rate the record butfer would be
depleted 1n 12 seconds after which the system could switch
back to the playback disk to re-fill the playback buttfer and
continue to support fast streaming of the playback data. At
8X, the read bufier would be able to sustain fast forward
without the disk for 28 seconds before the disk was needed
again to {ill the empty buiier. That would allow around 16
seconds after the time the record butler had been depleted and
when the playback disk had to begin streaming data to the
play buffer again. Scenarios where the fast forward button
was pushed between these extremes would be a combination
of the above. There would likely be a need to partially empty
the record butler before switching back to the play disk and/or
partially filling the read butier before switching back to the
record disk.

For fast reverse, because the drive cannot spin backwards
the data may be pulled off 1n chunks, between which a seek to
an increasingly inward (earlier in content time because 1t 1s
being viewed in reverse) radius 1s necessary. For this reason,
some systems may desire to have a longer fast reverse buller
than fast forward bufler. A typical scenario for fast reverse
would be similar to the fast forward system discussed above,
except that the data being retrieved from the disk would not be
played until the read for the segment was complete, since the
last block read from the disk (closer to the center of the disk,
thus earlier in reverse content time), would be the first block
played to a user.

When the fast reverse command arrives from one user, the
8 MB fast reverse builer would begin playing at an increased
rate, say 8X, in reverse order as shown on timeline 26 at point
2401. As soon as the drive was ready to switch to the playback
disk, the drive would seek to a point 128 seconds earlier in the
content than the earliest time point currently in the builfered
content. The drive would butler from this point 128 seconds
forward 1nto builer P, which then replenishes the fast reverse
buffer 8 MB at a time. It takes 8 seconds to read 128 content
seconds worth of data at 16X. This data 1s belng played out to
the user at 8X, so the buifers will empty 1n 4 seconds. The
drive could then take 3.5 seconds to switch back to the record
disk to service the record stream, during which time 1t would
deplete (by storing on a DVD) the contents of the record
buifer at 16X. The system may deplete 16 seconds of data
from butter R to avoid buttfer overrun. This will take 1 second,

after which 1t could take 3.5 seconds to re-load the playback
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disk. By repeating this sequence, an 8X fast reverse could be
sustained while continuing to record content incoming at X.

The above description assumed the worst case where the
record and playback locations were on different disks, requir-
ing a disk change between every cycle. If the record and
playback locations are on the same disk, the same basic
principles would apply, except that much less bufler space
would be required, since the access times were much quicker.

Turning now to FIG. 3, there 1s shown one embodiment of
a tflow chart outlining the playback method as discussed with
respect to FIGS. 2A-2D above. Starting with Process 301,
there are four other processes 302, 303, 304 and 305 with their
respective controls 302-1, 303-1, 304-1 and 305-1, which
control the playback P buffer at the various possible speeds.
The play speed X was discussed above with respect to time-
line 24, while the fast forward playback at 8X, process 305,
was discussed with respect to timeline 25. However, the user
may select other playback speeds, such as 2X, 4X, or any
other desirable playback speed and these would operate 1n the
same manner as discussed, except that for those playback
speeds slower than 8X. The swap out of a disk being recorded
at the same time would be even less severe. Similarly, fast
reverse process 306, 307, 308 and 309 with their respective
controls 306-1, 307-1, 308-1 and 309-1 could be handled.
Fast reverse at 8X, process 309, was discussed 1n detail with
respect to timeline 26. Reverse can be X, 2X, 4X, or any other
desirable speed, 1t being appreciated that fast reverse speeds
of less than 8X would cause less stress to the system.

As long as there are more than 8 megabytes remaining 1n
the P butler, process 310, the system can continue to take the
reverse or playback from playback butier P. However, when
butiler P has less than 8 megabytes remaining, there 1s pret-
erably an interrupt 1ssued to the system, process 311, so that

the proper disk can be installed in the drive to continue the
refill of the P builer in the manner discussed.

FIG. 4 shows the control of the record function, such that
data streaming from source A would go 1nto source buiier S1
under process 401 control. This 1s shown 1n timeline 27. This
continues until the butier 1s full, process 402. If the source
butfer 1s divided into sections, such as the 2-megabyte builer
S1 through SN sections, then the system could set flags S1
through SN as desired via process 403 and the source A would
stream data to the source butfers S1 through SN via process
404. This streaming can continue until the source bufler or
any section thereot 1s full. Process 405 triggers the system to
set a flag via process 406, indicating that the source butler 1s
tull.

When 1t 1s time to record, as shown 1n FIG. 4 A, the source
bullers are played to DVD B as discussed with respect to
timeline 28. This operation 1s controlled by process 407, 408,
409, and 410 for source S1. A similar process (not shown)
controls source S2 1n the same manner as S1. These butlers
“Ping-Pong” between each other with careful buffer manage-
ment to insure old data 1s not prematurely overwritten.
According to embodiments of the invention, a single circular
butifer could be used. Process 408 being the source butter to
medium transier where process 409 copies the source butler
to the drive builfer and process 410 records the data from the
drive butler to the proper DVD (or CD) location.

FIG. 5 shows interrupt service routine (ISR) 510 which 1s
employed when one of the buitlers, either on record or on
playback, 1s 1n need of servicing by the DVD drive. In such a
case, DVD A process 511 determines if this 1s a reverse mode.
I1 not, then pointers are updated to the next playback location
in P via process 512. The DVD 1s read and the information 1s
transierred and a check 1s made to see 11 8 megabytes have
been transierred via processes 512 and 513. It the drive 1s not
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needed, process 514, then the buifers continue to fill via
process 515, as discussed above, for 12 seconds as shown 1n
timeline 22. I1 the drive 1s needed, for example 11 the record
butler 1s full and 1t 1s time to record, process 516 marks the
location and P buifer where data has been stopped, and disk A
1s removed and disk B 1s 1nserted on the drive.

If the interrupt, via process 511 was for the purpose of
reverse, then process 517, 518, 519,520 and 521 control, such
that, as discussed above, it 1s always desired to keep at least 8
megabytes of information 1n the reverse buliler. This contin-
ues so long as the drive 1s not needed for recording. I 1t 1s
needed for recording, then the record interrupt operates, as
discussed above, so that data i1s allowed to flow from the
record buifer to DVD B while fast forward or fast reverse 1s
being used and the buil

er being depleted.

FIG. 6 addresses the 1ssue of accessing any program con-
tent with hard disk access speed (withoutuse of a hard disk, or
other fast access memory). In the embodiment shown in FIG.
6, the system 60 would make use of a disk stored 1n changer
11 that would serve as a database manager for the entire
system. This database disk would hold a first portion, for
example, 32 seconds, of each recorded program (music,
video, applications), preferably along with other system
information. Each of these segments, may, for example, take
up 8 MB of space on the database disk. There would then be
room for around 587 recorded programs, which 1s roughly
equivalent to more than 59 DVD+RW disks. This number 1s
expected to be anumber that would sulilice for most users. The
number of recordings could be reduced (or added to) and the
length of the segment on the database disk increased (de-
creased) to optimize the system.

In this arrangement, non-volatile online memory, such as
flash memory, 130 (FIG. 1) could be used to store the menu
and/or directory structures, giving an istantaneous response
to a user’s command to obtain data from a source having a
high latency. As shown 1n FI1G. 6, 1f the menu button, process
601, were pressed and the desired application or data was 1n
a hard drive, 602, the system would proceed in the well-
known manner via process 603. If however, the desired data 1s
on a disk (or other high latency memory) a determination
would be made, process 604-605, to determine 1f the master
data disk holding the short segments of all applications, 1s 1n
the read drive, where 1t would be, except 1 another disk 1s
currently being used. A fast-access, non-volatile memory,
such as flash memory 130, for example, may control this
function.

I1 a disk, other than the master data disk, were to be 1n the
drive, using a simultaneous record/playback scheme, such as
the one described above, the current disk in the mechanism
102 (assuming 1t 1s not the data disk) would be filed away,
process 606, 1n changer 11 and the desired database disk
would be retrieved, process 607, from changer 11 and
inserted into mechanism 102. If the database disk is 1n the
DVD drive and 1f there 1s no simultaneous recording going on,
the database disk, would simply remain in the drive and the
beginning portion via process 608, would be transferred to the
D butfer, process 609, and from the D builer to the P butfer,
via process 610, as discussed above.

The system reads a block of data in ata 16X rate and stores
it 1n the playback builer, and also begins to play the block at
the X rate for viewing. If the block continues to play until
there are only 4 seconds left 1n the buffer, the changer will
unload the database disk and load the specific disk, via pro-
cess 611, containing the then selected data 1n its entirety. With
the specific content disk loaded, the system begins to stream
content to the D butfer, via process 612 and then to the P
butler, process 613, as discussed above. I1, at this point, the
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user decides to go back to the menu, the menu may be loaded
from flash memory, process 604, while at the same time the
specific content disk may be unloaded from the drive, process
606, and the database disk 1s re-loaded 1nto the drive, process
607. Since the data base disk can be ready 1n around 4 sec-
onds, the user can select another entry for viewing and have a
fairly instantaneous response once again.

If the database disk fills up, multiple database disks can be
used with such an arrangement, recordings could be grouped
by disk and as the user browses through the menu, the data-
base disk for the particular menu ‘branch’ in the hierarchy
could be loaded and all menu picks below that would apply to
content located on the then loaded database disk. If desired.,
the read head could be moved to coincide with the menu being,
scrolled. Also, if desired, the read head could follow the
scrolling, as shown in box 614. This then allows for the
instantaneous beginning of content flow, once a user selection
1s made.

In the case where a recording session 1s going on wherein
a record disk must be serviced on a regular basis, there will be
a window of time during which the record disk 1s in the DVD
reader and the database disk will not be available for instant
replay. If the record butfer 1s depleted at 16X, then the system
could keep the database disk 1n the DVD reader 16 times the
amount of time that the recording disk 1s 1n the reader, minus
the time required for loading and unloading the disk. This
would minimize the probability of the user having to wait
when making a selection from the menu. If the user does
happen to make a selection while the recording disk 1s 1n or
about to be accessed, then the wait time will be some part or
all of the time required to service the recording disk with a
16X read and write times, this wait time would be no more
than 5 seconds, including a 4 second disk change time. In such
a situation, when the drive becomes available, the actual
selected disk could be used 1nstead of the database disk.

At a time when the bandwidth 1s available, the first portion
(32 seconds 1n our example) of each new recording may be
copied to a new location on the database disk. This database
disk could also be used for other system features, keeping 1t 1in
the DVD reader until the last minute when 1t has to be
swapped out to sustain a selected operation. For example, 1n
a video-on-demand application, a DVD+RW database disk
could be used 1n place of a high-density disk (HDD) to butifer
up content being streamed from the web. This disk could also
be swapped 1n and out 1n a sitmultaneous record and play type
operation 1f necessary, using the system and method dis-
cussed above.

Using these techniques, the DVD+RW drive and changer
system could be made to emulate a very large HDD 1n a
personal video recorder (PVR) system.

What is claimed 1s:

1. A method of providing a user with information quicker
than could be achieved by obtaining the information from a
storage source, said method comprising:

receiving a request from a user for stored data accessible by

said user, said stored data maintained on one or more
disks accessible one at a time, said disks having a latency
between a time of said request and a time said informa-
tion 1s actually available;

obtaining a first portion of data from a source location other

than where said stored data resides, the amount of said
first portion spanmng said latency;
buffering information coming from said one or more disks
faster than said data 1s utilized, thereby creating disk 1dle
periods;
regardless of the request from a user, providing said first

portion from a common disk containing a plurality of
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said first portions, each said first portion corresponding,
to a different possible user request;

substituting the common disk for a disk of the one or more
disks that contains requested data;

said user scrolling through an 1index of possible applica-
tions contained in a fast access non-volatile memory;
and

positioning a read head at a location on a disk so as to be
able to quickly read data at positioned locations, said
positioning being controlled, in part, by said scrolling.

2. The method of claim 1 wherein said first portion 1s stored
in a storage device in conjunction with other data having
latency periods associated therewith, said storage device
available continuously for obtaining data therefrom.

3. The method of claim 1 further including;:

storing 1n a buffer said first portion such that said buffer can
supply said information to said user during the time of
said substitution.

4. The method of claim 1, wherein said common disk
comprises a plurality of disks, each having a data portion
thereon.

5. A data retrieval system, said system comprising:

a data storage library, said library holding a plurality of

individually accessible storage media;
a media drive operable for reading data from a selected one
of said storage media contained 1n said library, said
media drive having a latency between 1dentity of desired
data and a time said desired data 1s actually available;
at least one builer for accepting data from a storage media
positioned in said media drive, said data accepted faster
than 1t 1s utilized, thereby creating media drive 1dle peri-
ods;
wherein said media drive 1s operable for delivering to a user
at least one program during said 1dle periods;
wherein a first portion of said at least one program comes
from a storage media other than a storage media on
which said at least one program resides; and
at least one controller comprising logic to:
receive a request from a user for stored data accessible
by said user, said stored data maintained on one or
more disks accessible one at a time, said disks having,
a latency between a time of said request and the time
said stored data 1s actually available;

obtain a first portion of data from a source location other
than where said stored data resides, the amount of said
first portion spanning said latency;

buffer information coming from and going to said one or
more disks;

regardless of the request from a user, provide said first
portion from a common disk containing a plurality of
said first portions, each said first portion correspond-
ing to a different possible user request;

substitute the common disk a disk of the one or more
disks that contains requested data;

enable said user to scroll through an imndex of possible
applications contained in a fast access non-volatile
memory; and

position aread head at a location on a disk so as to be able
to quickly read data at positioned locations, said posi-
tioming being controlled, 1n part, by said scrolling.

6. The system of claim 5 wherein said individually acces-
sible storage media share said media from drive alternately.

7. A system to provide a user with information quicker than
could be achieved by obtaining the information from a stor-
age source, comprising:

at least one 1nput to recerve data from a high-volume data
SOUrCe;
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least one memory buifer module; and
least one controller comprising logic to:

receive a request from a user for stored data accessible
by said user, said stored data maintained on one or
more disks accessible one at a time, said one or more
disks having a latency between a time of said request
and a time said information 1s actually available;

obtain a first portion of data from a source location other
than where said stored data resides, the amount of said

first portion spanning said latency;

builer information coming from and going to said one or
more disks;

10

regardless of the request from a user, provide said first
portion from a common disk containing a plurality of
said first portions, each said first portion correspond-
ing to a different possible user request;

15

substitute the common disk tor a disk of the one or more
disks that contains requested data;

12

enable said user to scroll through an imndex of possible
applications contained in a fast access non-volatile
memory; and

position aread head at a location on a disk so as to be able
to quickly read data at positioned locations, said posi-
tioming being controlled, 1n part, by said scrolling.

8. The system of claim 7 wherein said first portion is stored
in a storage device in conjunction with other data having
latency periods associated therewith, said storage device
available continuously for obtaining data therefrom.

9. The system of claim 7 wherein the at least one controller
turther comprises logic to store in a butfer said first portion
such that said buffer can supply said information to said user
during the time of said substitution.

10. The system of claim 7 wherein said common disk
comprises a plurality of disks, each having a data portion
thereon.
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